Abstract. Piedmont region is located in North-Western Italy and is surrounded by the alpine chain and by the Appennines. The region is covered by a wide extension of forests, mainly in its mountain areas (the forests cover 36% of the regional territory). Forested areas are interested by wildfire events. In the period 1997-2005 Piedmont was interested by an average 387 forest fires per year, covering an average 1926 ha of forest per year. Meteorological conditions like long periods without precipitation contribute to create favourable conditions to forest fire development, while the fire propagation is made easier by the foehn winds, frequently interesting the region in winter and spring particularly. The meteorological danger index FWI (Fire Weather Index) was developed by Van Wagner (1987) for the Canadian Forestry Service, providing a complete description of the behaviour of the different forest components in response to the changing weather conditions. We applied the FWI to the Piedmont region on warning areas previously defined for fire management purposes. The meteorological data-set is based on the data of the very-dense non-GTS network of weather stations managed by Arpa Piemonte. The thresholds for the definition of a danger scenarios system were defined comparing historical FWI data with fires occurred on a 5 years period. The implementation of a prognostic FWI prediction system is planned for the early 2008, involving the use of good forecasts of weather parameters at the station locations obtained by the Multimodel SuperEnsemble post-processing technique.
Introduction
In the period 1997-2005 Piedmont was interested by 3486 forest fires, with an average interested surface of 3710 ha per annum and 9.6 ha per forest fire (Regione Piemonte, 2007) .
In order to help the planning strategy for the forest fire prevention and extinction a version of the Fire Weather Index FWI (Van Wagner, 1987) was implemented based on the data of the very dense non-GTS weather station network managed by Arpa Piemonte. Sixty warning areas, usually corresponding to the mountain valleys or of part of them, were individuated, based on the forest fire statistics and on the organisation of the operational forest fire prevention teams (Fig. 1 ). An accurate statistical analysis was carried on the climatological data of the station network and a set of primary and secondary weather stations was assigned to each warning area in order to minimise the number of lacking data. For each of these selected weather stations the forest fire indices are calculated daily from the data of the previous day and warning
Correspondence to: D. Cane (daniele.cane@arpa.piemonte.it) alert maps are produced and distributed to the fire prevention network. Warning alert levels are automatically assigned with the help of a system of thresholds.
Fire Weather Index
The Fire Weather Index FWI, as described by Van Wagner (1987) is calculated from the weather parameters measured by our weather station network. From these data three subindices are calculated describing the current moisture content of three different fuel layers of the forest system (Fine Fuel Moisture Code, Duff Moisture Code, Drought Code, see Fig. 2 ). From the sub-indices other two indices (Initial Spread Index and Build-up Index) describing the fire behaviour are calculated, and then from the latter a synthetic index (Fire Weather Index) is finally calculated. Notice that the FWI was introduced for the Canadian plain forests, which differ from the alpine forests for the latitude and height, and are populated by different trees. As a first attempt we adopted the original FWI calculation but we are performing sensitivity studies in order to obtain an evaluation of the indices well suited for our region. FWI historical values for Piedmont were calculated for the period 2002-2006 and used to obtain a threshold system. Within this sequence the fraction of days that we can consider as extreme danger condition ("Very high" danger) was used to detect a discriminating FWI value. This value corresponds to the lower threshold of the extreme danger class. Remaining thresholds, characterized by a decreasing danger level, were defined through a proper scale conversion and a geometric progression. Monthly thresholds were thus defined for each of the 60 warning areas in which Piedmont is divided. A calibration of the defined thresholds was implemented for each warning area according to fire risk level, considering especially fire frequency and the localization of the ignition points. A first validation of the thresholds was implemented taking into account the following statistical elements: the recorded fire data, corresponding to the same historical period in which FWI values were calculated (2002) (2003) (2004) (2005) (2006) , the distribution of days in each danger class per month, the distribution of days with at least one forest fire in each danger class and the distribution of fire frequency in each danger class. The first operational tests on the threshold system gave very good results, with a good match between the calculated alert levels and the actual localization of the forest fires (Fig. 3) .
Lacking data analysis and handling techniques
The FWI calculation requires a continuous input dataset, because the sub-indices maintain "memory" of the previous days. Our non-GTS network of automatic weather stations has very high levels of liability, but in an operational use the observed data can be missing, due to transmission delays or to sensor failure. The use of primary and secondary stations is then very important in order to fill the lacking data (in the period 2002-2006, they correspond to a mean 3.6% of the wind speed measurements and to 1.8% of temperature measurements).
The use of different weather stations for a given warning area can lead to some criticalities in the FWI calculation: in case of switching from a measurement from the primary station to the secondary station, the alert level could change abruptly because of the difference in localization and height of the given stations and then show abrupt changes from one day to another, or significant differences between a given warning area and the surrounding ones.
We then tested and applied the following corrections to the observed data: -the daily temperature profile of all available Piedmont stations is interpolated with cubic interpolation and the polynomial so obtained is used to shift the temperature values from the secondary station height to the primary station height. This technique minimizes the mean square errors towards the observed data in a more efficient way than fixed lapse rate or linear/quadratic interpolations;
-in order to smooth the fields of precipitation and relative humidity of each warning area, we calculate the mean of the values of all available stations in the given area. Figure 4 shows a comparison between the corrected and uncorrected data, using the boxplot technique as defined by Tukey (1977) . The graph shows the first and third quartiles, the median and the number of events exceeding the upper inner outlier, corresponding to more or less the 95th percentile. These should be the extreme events, in which a fire could occur. A visual analysis shows that the uncorrected data have a greater variability than the corrected data. The quantiles so calculated could be used as thresholds for the FWI alert system, thus giving a more statistically-reliable way to calculate the thresholds. In Table 1 however we compare the cases of fires occurred in the region with FWI exceeding each monthly quantile (shown in Fig. 5 ) and the results are not satisfactory: a large number of fires can occur also with very low quantiles. At the present the empirically evaluated thresholds give us more confidence in evaluating the danger level.
Conclusions and future developments
The application of the Fire Weather Index to the observed data from our network provides a good diagnostic evaluation of the fire danger situation, compared with the observed fire events. We are planning to improve the quality of this prognostic evaluation using analysed data with assimilation techniques to get more homogeneous data on the given warning area. A threshold system was established empirically by comparison with the observed fires and is operational at the present. The final validation and the possible further calibration of thresholds will be preceded by at least 1-3 years of FWI implementation in the Region.
We are developing a prognostic evaluation based on the weather parameter forecasts.
The direct model outputs, even from high-resolution limited area models, show many strong systematic and random errors in Piedmont, compared to the values observed by our high-density non-GTS network. In previous studies (Cane and Milelli, 2006) we applied the Multimodel SuperEnsemble technique (Krishnamurti et al., 1999) on both global circulation models and on non-hydrostatic limited-area models to evaluate weather parameters at the station location. We are planning to perform FWI calculation starting from our Multimodel SuperEnsemble post-processed forecasts, in order to obtain a 3-days-in-advance forecast of the FWI to be used for the fire prevention system planning purposes.
